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ABSTRACT: A precision full-wave rectifier uses a single 
operational amplifier which is operated simultaneously as a 
linear amplifier and a switch driver. A pair of FETs are utilized 
as voltage responsive switches for effecting the rectifying 
operation and are gated in response to the output of the opera- 
tional amplifier 
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PRECISION RECTIFIER WITH FET SWITCHING MEANS 

The invention described herein was made by employees of 
the United States Government and may be manufactured and 
used by or for the Government for governmental purposes 3 
without the payment of any royalties thereon or therefor. 

BACKGROUND OF THE INVENTION 

In modern computing apparatus, and other types of electri- 
cal signal translating devices, means are often provided for 
converting an alternating current input signal to a direct cur- 
rent signal for purposes of comparison or measurement. In 
precision computation and measuring equipment of extreme 
accuracy, for example, it is necessary that the signal convert- j j 
ing circuits effect the translation of electrical signals without 
distortion over the entire range of operation of the equipment. 
Although rectification may be accomplished by any of a 
number of simple diode rectifier circuits, operational am- 
plifiers are now widely used in precision linear rectifiers to 20 
overcome the limitations of the simple diode rectifier circuits. 

The problem, however, is that in order to obtain full-wave 
rectification at least two operational amplifiers and six 
matched resistors are required in the circuit. 

While presently available signal conversion circuitry of this 25 
type has generally been satisfactory for certain types of appli- 
cations, it has not been entirely satisfactory for all precision 
applications. One disadvantage is that additional power must 
be provided for operating the additional operational am- 
plifiers. Furthermore, the use of diodes as switches, as is typi- 30 
cally the case, can introduce errors at high temperatures since 
leakage current can flow in the signal paths. 

SUMMARY OF THE INVENTION 

35 

This invention relates generally to apparatus for converting 
alternating current electric signals to direct current signals, 
and more particularly, to an improved precision full-wave 
rectifier circuit for rectifying incoming electrical signals hav- 
ing either positive or negative polarity, and producing in 
response thereto a positive only output signal, or in the alter- 
native! a negative only output signal for either input polarity. 

Briefly, the present invention is comprised of two parallel 
circuits having common input and output terminals, each in- 
cluding a semiconductor-type switching element, the opera- 
tion of which is controlled by a single operational amplifier. 

The operational amplifier is responsive to the input signal and 
operates simultaneously as a linear amplifier and as a switch 
driver. 

A principal advantage of the present invention over prior jq 
art full-wave rectifiers of this type is that only one operational 
amplifier is required. 

Another advantage of the circuit is that is it uses only two 
precision resistors instead of the six or more precision resistors 
normally required. 55 

Stiil another advantage of the present invention is that the 
system uses a pair of field-effect transistors as switches so as to 
minimize temperature sensitive offsets. 

Still another advantage of the present invention is that since 
only one operational amplifier is used, the power require- 60 
ments of he circuits are reduced substantially. 

Still another advantage of the present invention is that only 
two matched components and only one amplifier is required 
to give full-wave rectification. 

It is therefore a principal object of the present invention to 65 
provide a precision rectifier apparatus which requires only 
one operational amplifier in order to provide full-wave rectifi- 
cation of any input signal. 

These and other features and objects of the invention are 
poihted out with particularity in the claims annexed to and 70 
forming a part of this specification. The invention itself, how- 
ever, both as to its organization and manner of operation, 
together with further objects and advantages thereof, will be 
best understood with reference to the following description 
taken in connection with the accompanying drawings. 75 
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IN THE DRAWINGS 

FIG. 1 is a schematic illustration of a rectifier circuit in ac- 
cordance with the prior art. 

FIG. 2 is a schematic diagram of an elementary rectifying 
circuit illustrating the operation of the present invention. 

FIG. 3 is a schematic diagram of a preferred embodiment of 
a precision full-wave rectifier in accordance with the present 
invention. 

FIG. 4 is a timing device diagram which illustrates the 
operation of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to FIG. 1 of the drawing, there is illustrated a 
prior art full-wave rectifier. The operative characteristics of 
this device can be obtained by referring to the Handbook of 
Operational Amplifier Applications, published by Burr-Brown 
Research Corp., page 73. Briefly the operation is as follows: 
When e lx is positive, +1 volt for example, D, will not conduct 
and the potential at point t will be 0 volts. Thus, e n , will be 
equal to -e*- 2e=—(+l ) -2 (0)=— 1 volt. But, when e„ is 
negative, —1 volt for example, D, will conduct and the voltage 
at point e will be +1 volt. Thus, e, xr will be equal to —(—1 )— 2( 
+1)=— 1 volt again. Therefore, with ei n either plus or minus 
the output is always negative so as to produce true rectifica- , 
ti on of t he input signal. ^ ^ ^ 

Referring now to FIG 2 of the drawing, there is shown a 
simplified embodiment of a full-wave rectifier in accordance 
with the present invention. Connected between the input ter- 
minal 1 and the output terminal 2 are a pair of parallel circuits 
3 and 4, each of which include a switch means 5 and 6 respec- 
tively. Circuit means 3 also includes an operational amplifying 
means 7 which is connected between the switch 5 and input 
terminal J. The operation of the simplified circuit may be ex- 
plained as follows. 

Since the output of operational amplifier 7 is equal in mag- 
nitude but opposite in sign to the signal input thereto, the 
phase of the input signal appearing at circuit point 8 will al- 
ways be 1 80° out of phase with that appearing at the input ter- 
minal 1. However, the signal appearing at terminal 9 in paral- 
lel circuit 4 will always have the same phase as the input 
signal. It should immediately be apparent that by closing one 
of the switches, for example, switch 6 for the first half cycle 
while opening the other switch during that period and then 
closing the switch 5 during the next half cycle and opening the 
switch 6 during that period, the output obtained at terminal 2 
would correspond to full-wave rectification of the input signal 
at terminal 1. Thus, since the polarities of the signals at circuit 
point 8 and 9 are always 180° out of phase due to operational 
amplifier 7, a full-wave rectifying circuit is obtained by provid- 
ing a means for controlling the switches 5 and 6 in response to 
the polarity of the input signal, or in the alternative, the polari- 
ty at circuit point 8. 

Referring now to FIG. 3 of the drawing, a schematic dia- 
gram of a precision rectifier circuit is comprised of an input 
terminal 10 and an output terminal 12, the two of which are 
operatively coupled together by a pair of circuits 14 and 16 
connected in parallel therebetween. The circuit 14 is com- 
prised of a pair of matched resistors 18 and 20 connected in 
series with a switching means 22 which may, for example, be a 
field-effect transistor (FET) as illustrated. The circuit 16 in- 
cludes a single switching means 24 which also may be an FET. 

Connected to the point 26 in the circuit 14 between re- 
sistors 18 and 20 is an input 27 to an operational amplifier 28, 
for example an LM201, which is operated simultaneously in 
two modes, i.e., as a linear amplifier, and as a switch driver for 
effecting operation of the FETs 22 and 24. Connected 
between a point 30 in the circuit 14 and an output 32 of ampli- 
fier 28 are a pair of back-to-back Zener diodes 34 and 36. The 
gate 38 of FET 22 is connected through a diode 40 to a junc- 
tion point 42 which is common with circuit point 32. Likewise, 
the gate 44 of FET 24 is connected to junction point 42 
through a diode 46. Biasing resistors 48 and 50 are provided 
between the source and gate of the FETs 22 and 24 respec- 
tively. 
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In operation, because resistors 18 and 20 are of equal re- 
sistance, of 10 k. ohms each for example, the voltage at point 
30 is always equal in magnitude but 1 80° out of phase with the 
input signal This is, of course, due to the fact that the out- 
put of the amplifier 28 is 1 80° out of phase with its input. As 5 
will be explained in detail below, when e„ is positive, the FET 
switch 24 is closed and FET switch 22 is open. Under these 
conditions e,„ is coupled directly to the output through FET 
switch 24. When e,„ is negative FET switch 24 is open and 
FET switch 22 is closed coupling the voltage at point 30 to the *0 
output 12 through FET 22. And since this output voltage is an 
inverted version of the negative output, the output is again 
positive and full-wave rectification has been achieved as illus- 
trated in FIG. 4. 

!n order to more fully define the function of the various 
components of the inventive apparatus, consider the case 
when is positive. The current into resistor 18 will all flow 
into resistor 20, assuming of course, that the input of the 
operational amplifier 28 is of infinite resistance and is there- 
fore an ideal operational amplifier. Since resistor 18 is equal in 
value to resistor 20, the voltage at circuit point 30 will be 
equal to —e,, and the output voltage of the amplifier 28 at 
point 32 will be equal to — (e,„ +V M +V M ), where V M and V M 
are the voltage drops across the Zener diodes 34 and 36 25 
respectively. 

Because one diode is biased in the reverse or Zener 
direction and the other is biased in the forward direction, the 
potential at circuit point 32 is '/„=>-( e,„+0.5+5.6), where the 
diodes V M and V M are 1N4734 diodes with nominal 5.6 volt 3Q 
Zener voltages. Thus, even though e ln may be very small, it is 
sufficient to turn off FET 22 via forward biased diode 40 leav- 
ing a high impedance path between point 30 and the output 
terminal 52. The FET 22 may, for example, be a 2N4392. 

FET switch 24 is connected to point 32 through diode 46, 35 
but no voltage is transferred to its gate. Diode 46 is biased off 
since point 32 is more negative than the potential in circuit 16. 
Thus, the gate and source of FET 24, which may for example 
be a UC45I, are at the same potential. This being the condi- 
tion for minimum source to drain channel resistance in FET 40 
24, the input voltage e, K is therefore coupled directly to the 
output $2 through FET 24. 

On the other hand when e,„ is negative, similar conditions 
apply but with opposite polarities so that FET 24 is off and 
FET 24 is on. Thus, the voltage at point 30 is always linearly 45 
related to that at the input terminal 10. Also, a nonlinear 
switching voltage having the desired polarity at the correct 
time is always available at point 32. The diodes 40 and 46, 
which may for example be IN459A’s, merely switch noncriti- 
cal voltages. The only critical requirement of the diodes 34 50 
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and 36 is that their Zener voltage must exceed the pinch-off 
voltage of the FETs. The FET switches 22 and 24 in the signal 
paths act as low value pure resistances with no offsets. 

This circuit gives excellent results up to a few kilohertz. For 
high frequency operation, the FETs could be replaced with 
MOS FETs to take advantage of their superior high-speed 
switching characteristics. Also the operational amplifier 2S 
could be replaced with a higher bandwidth operational ampli- 
fier. One advantage of this circuit over prior art is that the re- 
sistors 18 and 20 merely have to be equal (or matched) and 
not accurate. 

In order to obtain a negatively rectified output, the FETs 22 
and 24 can be interchanged. In so doing the polarities of the 
diodes 40 and 46 must also be reversed. 

After having read the above disclosure, it will be apparent 
that many alterations and modifications of the disclosed ap- 
paratus can be made without departing from the merits of the 
invention. I, therefore, intend that the scope of the appended 
claims be interpreted as including all such modifications 
which fall within the true spirit of the invention. 

We claim: 

1. Precision full-wave rectifier apparatus comprising: 
input terminal means and output terminal means; 
parallel circuit means connecting said input terminal means 

to said output terminal means, each of said circuit means 
including at least one switching element therein; 
one of saia parallel circuits additionally including an opera- 
tional amplifier means as an operative element thereof, 
the output of which serves as a means for simultaneously 
switching one of said switch means ON and the other 
switch means OFF; 

said switch means comprising field-effect transistors the 
gates of which are operatively connected to the output of 
said operational amplifier means; 
said one parallel circuit means further including at least two 
matched resistor means in series circuit with the field-ef- 
fect transistor means of that circuit, at least one of said re- 
sistance means comprising a portion of the feedback cir- 
cuit of said operational amplifier means; and 
said feedback circuit of said operational amplifier means 
further including a pair of back-to-back Zener diodes. 

2. Precision full-wave rectifier means as recited in claim 5 
wherein said FET switch means are of opposite conductivity 
type and the gates thereof are connected together through a 
pair of diode means connected in series. 

3. Precision full-wave rectifier means as recited in claim 2 
wherein the output of said operational amplifier means is con- 
nected to the gate circuit of said FET switching means at a 
point in the circuit connecting said diode means. 
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